This paper shows that the widely used log-linearization of the neoclassical model of growth implies a relevant loss in terms of the ability of the model in replicating the patterns of convergence of an economy to its equilibrium level.
Introduction
Since Mankiw, Romer and Weil (1992) and Barro and Sala-i-Martin (1992) , it is common in the empirical literature to employ a log-linearized version of the neoclassical model of growth to test for convergence.
However, although it provides a closed-form solution of the model and a link between theory and the empirical specification to be estimated, there exists a growing dissatisfaction about the use of log-linearization. For example, Reiss (2000) suggests that it implies an error whose magnitude depends on the returns to scale and on the distance of the economy from its steady state position. Dowrick (2004) shows that the log-linearization of the model is unable to produce a linear specification in the variables, which questions whether it is worth to linearize the model at all, since linear techniques cannot anyway be applied to estimate the structural parameters of interest.
We propose a formal testing procedure to evaluate the empirical performance of the loglinearized version of the neoclassical model in replicating convergence patterns. We approximate the actual convergence pattern of the economy to its steady state by the AutoCorrelation Function (ACF, henceforth) of detrended real GDP per capita and test the null hypothesis that it is not statistically different from the ACF implied by the log-linearized version of the neoclassical model. Our results suggest that the latter cannot replicate the transitional dynamics of 14 OECD economies out of the 15 we examine, the only exception being the U.S. economy. At the very least, this implies that the log-linearization reduces dramatically the ability of the model of replicating the features displayed by the data.
The paper proceeds as follows. Section 2 describes our procedure. Section 3 reports our results, and Section 4 concludes.
Transitional dynamics in the linearized neoclassical growth model
The ACF of a time series process is a measure of the correlation of the series with its past.
The analysis of its shape provides us with information about the rate at which shocks vanish.
If we assume that a deterministic linear trend is a proxy for the equilibrium path of the economy, the ACF of detrended real GDP per capita would then measure the transitional dynamic pattern of the economy towards its steady state path.
Since a model that does not give rise to an ACF like that observed in the data is misspecified (see Abadir and Talmain, 2002) , we can assess the empirical validity of the neoclassical growth model by testing whether the ACF implied by its log-linearized version can replicate the persistence pattern shown by the empirical ACFs of detrended real GDP per capita.
To recover the theoretical ACF, consider an economy where saving decisions and technological progress are exogenous. Assume that total production follows a Cobb-Douglas production function, and that technical progress is labor augmenting:
where Y t , K t , L t , A t , are output, capital, labor and A is the level of technology, all measured at time t, with 0 < α < 1. A and L are assumed to grow exogenously at rate g and n, respectively. A constant fraction of output, s, is invested. Moreover, by definingk = K/AL andŷ = Y/AL as the stock of capital and output per effective unit of labor, the evolution of k can be described by the following expression: (2) implies thatk t converges towards its steady state levelk * t :
Consider then a log-linear approximation of equation (3) around the steady state:
As common in the time series literature on growth, Michelacci and Zaffaroni (2000) suggest to test for convergence process by discretizing (4):
or, by allowing for the Jones invariance property, which implies that y * i,t = g i t + y i,0 is (the log of) the level of real per capita output in the steady state:
where y i,t is the log of real per capita output in country i, y i,t = ln(Y i,t /L i,t ).
Equation (6) is an AR(1) process whose theoretical ACF is:
Hence, to test whether the ACF implied by (6) can replicate the pattern displayed by the empirical ACFs of detrended real GDP per capita, we fit (7) to the data by using the first k realizations of the empirical ACF of
o , 1 and test the null hypothesis that the fitted and the actual ACFs are statistically different:
If the null hypothesis is rejected, we conclude that the model is unable to replicate the convergence process of that particular economy to its equilibrium level.
Data and empirical results
We use data on real GDP per capita for 15 OECD countries -Australia, Austria, Belgium, It is important to stress that our testing procedure requires a robust inference setting for the ACF. In the case of stationary series, standard theory provides asymptotically correct confidence bands, but for nonstationary series neither exact nor asymptotic results are available. Because of the lack of theoretical results, we use resampling techniques for dependent data to construct robust confidence bands around the ACF of
To our knowledge, the only resampling technique that provides asymptotically valid con- where
In our empirical exercise, the 95% confidence bands have been constructed via the stationary bootstrap (Politis and Romano, 1994) , which minimized the proposed criterion for all the series. 2 Figure 1 shows our results for three cases, representative of different transitional dynamics patterns: U.S., Italy and the UK.
<Insert Figure 1 here>
The empirical results suggest that the log-linearized version of the neoclassical model can replicate the pattern of the empirical ACF of the U.S. economy -the 95% confidence bands constructed around the empirical ACF contain the theoretical one. In the case of Italy and UK, instead, the fitted ACF is not contained into the confidence bands: the null hypothesis of equality between the fitted and the actual ACFs must be rejected. Figure 2 shows that the null hypothesis must also be rejected for the remaining cases.
<Insert Figure 2 here>
If anything, these findings cast doubts on the claim that the log-linearized version of the neoclassical growth model is a general framework to describe convergence processes; rather, the transitional dynamics implied by the Solow model seems to replicate the U.S. convergence pattern only.
Concluding remarks
We show that the log-linearized version of the neoclassical growth model is unable to replicate the transitional dynamics of real GDP per capita to its equilibrium path for 14 out of the 15 OECD economies we examined. Our findings suggest that the dynamics implied by such simplified version of the model is not rich enough to replicate the observed patterns. Rather, it is able to explain the U.S. convergence process only -possibly, because such economy is close to its steady state path. At the very least, this result implies that the use of log-linearization to solve macroeconomic models, although a useful device, implies a dramatic loss in terms of the ability of replicating the observed dynamics of economic variables.
In this perspective, our results add to the existing dissatisfaction towards such version of the neoclassical model of growth. However, in our opinion they also open the question on whether any model predicting convergence to the steady state may replicate actual convergence processes. Clearly, this issue goes beyond the scope of this note, and is left for future research.
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